Oxidative stress occurring in cells is a consequence of an excessive activity of reactive oxygen forms, resulting from an imbalance between the release of free oxygen radicals and their removal from the cell by antioxidant systems. 90% of reactive oxygen radicals emerge in mitochondrial respiratory chain during an incomplete four-electron oxygen reduction. The remaining 10% originate from different reactions occurring in the cell. The established compounds are characterised by a short half-life and are highly reactive. Sparse quantities of free oxygen radicals have a positive effect on cell functions. Oxidative stress leads to damage in cellular membranes, enzymatic and non-enzymatic proteins, as well as DNA. Therapy with antioxidants as exogenous dietary supplements aims at preventing or reducing the risk of development of diseases involving the presence of the oxygen radicals. Whether the antioxidant therapy will bring positive or negative effects depends on numerous factors that need to be considered before their inclusion in the applied treatment.
INTRODUCTION
In order to ensure the correct functioning of a cell, a proper energy supply needs to be ensured for the numerous processes that take place in it. To a large extent a cell receives energy through oxygen respiration, which takes place in mitochondria. Within mitochondrial chains, thanks to electron transporting proteins, oxygen molecules are reduced to water. Since this is an exoergic reaction, it generates energy that may later be used by the cell for other processes.
An oxygen molecule is not always subject to complete four-electron reduction. If it is reduced by less than four electrons, molecules containing at least one unpaired electron in the external electron cover will emerge -reactive oxygen species (ROS). The ROS include not only free oxygen radicals but also compounds that are capable of their generation. The reactive oxygen species are: peroxide radical (O2* -), ozone (O3), hydrogen peroxide (H2O2) and hydroxyl radicals (OH*). Reactive nitrogen products include: nitrogen oxide (NO), nitroxyl (NO -), nitrosonium (NO + ), S-nitrozotiole (RSNOs), peroxynitrates (OONO -) and iron nitrosyl complexes [1] .
All of them are highly reactive and characterised by a short half-life, with an aim of achieving electron pairing by donating or obtaining them from other molecules. They react in a non-specific manner with cell components, thus causing their modification and damage. Nearly 90% of them emerge in the respiratory chain, whereas the remaining 10% are generated through: oxidase-catalysed reactions, P-450 cytochrome, hydroxylation processes of certain xenobiotics, ionising radiation, transition metal ions, environmental pollutants and many other factors [2] .
THE ROLE OF OXYGEN RADICALS IN AN ORGANISM -CHANGES OCCURRING IN PROTEINS
The oxidative changes in proteins caused by free radicals and reactive oxygen and nitrogen forms include: generation of protein hydroperoxides, hydroxylation of aromatic and aliphatic amino acid residues, nitration of aromatic amino acid residues, oxidation of -SH groups, oxidation of methionine residues, transformation of certain amino acid residues into carbolynic derivatives, fragmentation of polypeptide chains or formation of cross bonds [3] .
In the conditions of homoeostasis, ROS released in physiological quantities play a positive role in a cell: participate in protein phosphorylation, gene expression regulation and elimination of micro-organisms. Nitrogen monoxide and hydrogen peroxide take part in cellular signalling, their high concentrations leading to apoptosis, whereas low concentrations lead to cellular proliferation [4] . Moreoever, reactive oxygen forms play a significant role in immunology. Granulocytes, monocytes and macrophages use them through the phenomenon of the so-called "oxygen explosion" to eliminate pathogens.
The name results from an increase, by a few dozen times, of oxygen consumption occurring during this process. In consequence, large quantities of superoxide anion radicals are generated (O2*). Moreover, ROS have an effect on lymphocyte T activation and induction of leukocyte adhesion molecules to endothelium, enabling their permeation from the circulatory system to the locations of inflammatory reaction [5] . Moreover, the role of oxygen radicals in the production of cytokins has been described. The older the mitochondria, the greater the phenomenon of "electron leakage in the respiratory chains" and the generation of free radicals. An excess of free radicals has a destructive effect: it leads to the damaging of structural elements of a cell, and then to its death due to apoptosis of nercosis [6] .
Oxidative stress occurring in the cells, is a consequence of an excessive activity of reactive oxygen forms, resulting from an imbalance between the release of free oxygen radicals and their removal from the cell by antioxidant systems [7] .
Its cause may be sought not only in the increase in the production of reactive oxygen forms, but also in the deficiency of low-molecular antioxidants, and an earlier deactivation of antioxidant enzymes. Oxidative stress involves damaging of proteins, nucleic acids and lipids. If cellular proteases cannot keep up with the disposal of deactivated and damaged proteins, protein aggregates are formed. The accumulation of protein aggregates occurring in the process of protein damage by oxygen radicals and their derivatives plays a role in the pathogenesis of neurodegenerative diseases (Alzeheimer's, Parkinson's disease) [8] .
THE EFFECT OF OXYGEN RADICALS ON NUCLEIC ACIDS
When subject to oxidative stress, the nitrogen alkali in the molecule of deoxyribonucleic acid, deoxyribose, becomes modified and phosphodiester linkages of nucleotides are ruptured [9] . The mitochondrial DNA, due to its proximity to mitochondrial respiratory chains, is more susceptible to ROS-induced damage.
A hydroxyl radical leads to damage of both purine and pyrimidine molecules of the DNA chain. A multiple modification of the genetic material leads to mutagenesis, carcinogenesis and ageing [10] .
THE EFFECT OF OXYGEN RADICALS ON LIPIDS
Lipids are subject to peroxidation carried out in three phases: initiation, propagation and termination. The factors responsible for initiation are: hydroxyl, hydroperoxide, alkyl radicals as well as nitrogen oxide and dioxide. In this phase, a hydrogen molecule is separated from a molecule of an unsaturated fatty acid constituting a component of cellular membrane -phospholipid. In the period of propagation, with the help of alkyl and oxygen radicals, fatty acid peroxides are created.
Termination may occur between two alkyl, peroxide or two different radicals present in the system. This leads to lipid damage and modification [11] . The physical characteristics of cellular membranes are changed, the activity of membrane enzymes and transporting proteins becomes inhibited.
CHARACTERISATION OF PARTICULAR OXYGEN RADICALS
The most reactive ROS occurring in biological systems include: hydroxyl radical (OH*) and superoxide radical (O2* -) [12] .
Superoxide radical is believed to be the primary radical, which produces secondary oxygen radicals by entering into reactions with other molecules. It is generated as a result of one-electron oxygen reduction. Superoxide radical oxidises cystein, thus leading to a change in protein conformation and their biological properties. Enzymes with active metal molecules in their centres are also exposed to a change in their activity due to the capability of a superoxide radical to oxidise transition metals [12] . The hydroxyl radical emerges as a result of water radiolysis or Fenton reaction using as a substrate hydrogen peroxide and reduced forms of copper or iron cations. It may also be generated in the effect of the HaberWeiss reaction, i.e. the reaction of hydrogen peroxide with superoxide radical. It is thought to be the most common mediator in protein damage [11] .
Due to its double role as a reducer or oxidiser the hydroxyl radical can be both an oxygen donor and acceptor. This molecule is not highly specific in terms of its substrates; it can react with all other molecules in the cell. The hydroxyl radical oxidises sulfhydryl groups and damages proteins through oxidation of amino acid residues, damages DNA and unsaturated fatty acids. In the brain, the hydroxyl radical inhibits the activity of monoamine oxidases (MAO-A, MAO-B), enzymes responsible for the catabolism of such neurotransmitters as dopamine, noradrenaline, serotonin [13] .
The main initiator of lipid peroxidation is a protonated version of the superoxide anion radical -the hydrogenperoxide radical (HO2* -). It quickly reacts with negatively charged compounds, and at the same time is easily diffused through membranes.
Moreover, the result of a reaction between nitrogen oxide and superoxide ions is the highly reactive peroxynitrite (ONOO*). This substance is responsible, among other things, for the inhibition of fibrinogen, plasmin and tissue factor [3] . The enzyme -nitric oxide syntase NOS -is responsible for producing nitrogen oxide. Damage to the cellular membrane results in the growth of intracellular calcium concentration and NOS activity.
DEFENCE MECHANISMS AGAINST FREE RADICALS
The exposure to free oxygen radicals and their derivatives has forced the organism to work out certain defence mechanisms. We may divide them into: preventive mechanisms, repair mechanisms and antioxidant protection [10] .
Preventive mechanisms consist in the prevention of an occurrence and interaction of reactive radicals with cellular components or an interruption of free radical chain reactions [14] . Repair mechanisms involve the repair or removal of damaged cell components. The inactivation of reactive radicals is performed by smallmolecule antioxidants.
These are compounds supplied to the organisms, such as vitamin C, E, coenzyme Q, carotenes, gluthathione and trace elements. A greater protective efficiency against ROS is manifested by enzymatic antioxidants, also known as large-molecule antioxidants. Such substances include: catalase (CAT), gluthathione peroxidase (GPx), gluthathione reductase (GRd), superoxide dismutase (SOD) [12] .
Superoxide dismutase plays the main role as an antioxidant enzyme due to its catalytic properties during the dismutase reaction of superoxide anion radical. The product of this process is hydrogen peroxide decomposed into water and oxygen due to catalase or gluthathione peroxidase [15] .
Catalase can fulfil a dual role. The reaction occurring in the environment with a high concentration of hydrogen peroxide consists in disproportioning. The final product is water 2H2O2→O2+2H2O.
When the concentration of hydrogen peroxide is low, catalase fulfils the role of peroxidase removing H2O2 and simultaneously oxidising the organic compound. The inactivation of hydrogen peroxide prevents an occurrence of the Fenton reaction, i.e. transformation of the molecule into the hydroxyl radical.
Gluthathione peroxidase catalyses the reduction of hydrogen peroxide and organic peroxides through reduced gluthathione [16] . The active enzyme centre contains residues of selenocysteine, a cysteine analog, where sulphur atoms have been replaced with selenium atoms.
This unique construction allows initiation of twoelectron gluthathione oxidation without the release of a free thiol radical of gluthathione [11] . In the course of hydrogen peroxide inactivation, a harmful substance is produced -gluthathione disulfide. Gluthathione reductase through NADPH oxidation reproduces the reduced form of gluthathione.
THE APPLICATION OF ANTIOXIDANTS
Therapy with antioxidants as exogenous dietary supplements aims at preventing or reducing the risk of development of diseases involving the presence of oxygen radicals. Multiple works on the same topic have been published, however their results are inconclusive and this type of effect currently raises controversies.
Free radicals participate in numerous reactions occurring in an organism. They are used as substrates not only in pathological processes but are also indispensable in the course of physiological processes. The prevention of free oxygen radical emergence with the help of antioxidants is not a selective process.
We cannot inhibit these harmful phenomena from occurring in an organism. Moreover, the prevention of pathogenic processes by free radical suppression leads to an occurrence of side effects in the form of stopping physiological reactions aimed at disease eradication.
An example of such a process is the stimulation of the immunological system by free oxygen radicals. Inhibiting of this system impedes the fight against inflammatory and cancerous diseases [17] .
ANTIOXIDANTS USED IN TREATMENT OF DISEASES OF THE CIRCULATORY SYSTEM
Oxidative stress is closely related to metabolic disorders leading to sclerosis. Many positive effects of supplementation with antioxidants as well as their therapeutic effectiveness have been confirmed. Nonetheless, the mechanisms through which these antioxidants induce the pro-health effect are not completely explained.
Also, it is not known what kind of reactions occur in an organism following their adoption, as they may produce toxic side effects.
Thus it is necessary to maintain proper caution in their use [18] . Goszcz et al. point to the fact that the link between the concentration of antioxidants in the plasma and protection against circulatory diseases is indefinable. The attempts to prove these dependencies are doomed to fail. A large quantity of orally administered antioxidants will be destroyed or extracted before they reach the place where they should bring the potential expected result. Furthermore, it is possible that it is not the antioxidants supplied with the diet that have the expected cardioprotective effect but other compounds and microelements taken along with them during the application of the so-called "healthy diet" [19] .
ANTIOXIDANTS USED IN THE TREATMENT OF CANCEROUS DISEASES
Certain medicines used in chemotherapy and during radiotherapy involve generation of free radicals. Assumptions are made that the use of antioxidants as adjuvants to treatment or administered with food may lead to the weakening of their efficacy in fighting a cancerous disease.
However, in this case the majority of conducted studies show that antioxidants used in a diet do not influence an anticancer therapy. Moreover, they increase the possibility of killing the affected cells thus diminishing the side effects of the applied therapeutic strategies and protecting the healthy tissue [20] .
In the course of type C chronic viral hepatitis the inclusion of antioxidant therapy has a proven effect in counteracting cirrhosis of the liver. Whereas in the case of other chronic liver diseases, such as non-alcoholic hepatic steatosis it is assumed that the application of such a therapy through the suppression of inflammation and fibrosis can protect against an occurrence of a neoplasm [21] .
Martinez-Outschoorn et al. published a work where they prove the anticancer effect of antioxidants on neoplastic cells of breast cancer connected with the mutation in BRCA1 gene. The study was conducted with the use of N-acethylcysteine and TEMPOL [22] .
TEMPOL stands for 4-hydroxy-2,2,6,6 -tetramethylpiperidine -1 oxyl, a compound catalysing the reaction of disproportioning hydrogen peroxide. A favourable effect of radio-protection on haematopoesis cells was observed in the antioxidant therapy. The effect of oral supplementation of mice with L-selenomethionine, vitamin C, tocopheral, lipoic acid was examined with view to an increased survival rate of animals subjected to radiotherapy.
An increase in the quantities of white blood cells and neutrophils was noted in peripheral blood following 4 and 24 hours from the exposure [23] . Antioxidant therapy implemented after radiation brings much better results when commenced after 24 hours following the exposure.
The improvement was concerned with an increase of survival rate of marrow cells and led to reducing mortality among mice [24] . Upon the analysis of several dozen publications, Mahmoud Rafieian-Kopaie and Hamid Nasri reached the conclusion that the tests conducted on humans do not produce convincing evidence that the administration of antioxidants as a supplement to the selected therapy can reduce the risk of cancer development.
However, several works provided evidence related to an elevated risk of cancer in smokers [25] .
OTHER APPLICATIONS OF ANTIOXIDANTS IN THERAPY
Other reports concerned with the positive effects of therapy with the use of antioxidants include: a study carried out by Reliene R, Schiestl RH, and a publication by J. Reichenbach et al. arguing that the supplementation with N-acethylocysteine and tocopherol leads to an increased life expectancy in patients with ataxia and teleangiectasia, as well as a lower risk of developing lymphoma [26; 27] , whereas the use of L-tocopherol in Huntington's disease may delay the loss of motor functions [28] .
SUMMARY
It is vital to develop a good understanding of the pathomechanisms of various diseases, the effect of medicines and antioxidants in order to predict the therapeutic effectiveness. Neurodegenerative diseases involve accumulation of protein aggregates and an occurrence of oxidative stress [29] .
The aggregates are removed from the organism through the phenomenon of autophagy, which is closely related to an increase of quantities of free oxygen radicals. The study conducted by B.R. Underwood et al. indicates that the application of autophagy inducing medicines does not have a significant influence on the growth of production of free oxygen radicals but their activity and autophagy is inhibited by antioxidants. It has been proven that a certain level of free oxygen radicals is required for the proper functioning and regulation of the autophagy phenomenon.
Oxidative stress should not be seen as a strictly pathological phenomenon in the context of treatment of neurodegenerative diseases [30] . In the application of an improper therapy the positive effect connected with the use of antioxidants may be reduced by the negative effect of the accumulation of protein aggregates.
Whether the therapy with the use of antioxidants will bring positive or negative effects depends on numerous factors. The decision to include and select a suitable substance with an antioxidant effect requires consideration of such factors as the type of a disease, its stage of development, analysis of pathogenesis, neoplasm type, its molecular type, the thus far applied treatment, prediction of possible interactions, dosage selection [31] .
Such a great number of conditions often poses difficulties not only in relation to drug selection but also in determining its effectiveness.
